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[57] ABSTRACT 

A symmetrically wound signal transformer having a 
first primary coil portion wound in one groove on a 
bobbin and a first secondary coil portion wound in an 
adjacent groove on the boblsin. A second primary coil 
portion, of shorter length than the first primary coil 
portion is wound tn a reverse direction in the groove 
containing the first secondary coil portion. Likewise, a 
shorter second secondary coil portion is wound in a 
reverse direction in the groove containing the first pri- 
mary coil portion. The respective second coil portions 
serve as decoupling windings. 

13 Oaims, 3 Drawing Figures 
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former where the primary- and secondary coils can be 
SINGLE BOBBIN TRANSFORMER HAVING wound simultaneously, resulting in-a decrea^ in the 

MULTIPLE DELINK WINDINGS AND METHOD time required to manufacture the transformer.- ■ 

OF MAKING SAME The present inveintiori relates to such a traiisformer 



BACKGROUND OF THE INVENTION 



and the method of making it. 

SUMMARY OF THE INVENTION 



The present invention relates to signal transformers 
and more particularly to a single bobbin transformer The present invention provides a miniaturized trans- 
having multiple delink windings for controlling mag- former comprising a bobbin having first and second 
netic coupling. adjacent grooves. The manner in which the primary 

Signal transformers are magnetic devices which are and secondary Wmdings are wound ; hi - the first and 

used in electric circuits. Such transformers have two or second groove ikei^ries ie mutual Siductance of 

more coils which are wound on a core made from a the transformer. f'Sp^cincaliy, a TOntiniipus^ p^ 

magnetic material, typically iron. When an electric winding has a fifeVprimary' coil pb 

current is connected to one such coil, a magnetic field is direction m the first ^oove on the bobbiii^T^^ 

produced which interacts with the other coils on the winding has a second prim^ coil portion, which is of 

transformer core. K the magnetic fi^^^ time-varying, shorter length thkn the first primary. ooil portion, and is 

a voltage w^ be mduced across the other cod or cods ^^^^^ an opposite Hirection in the sqcond.groove on 

Simil^ly. a time.yarymg current m the the bobbin. A^&uous seiindiry winding^^^^^ 

ffive rise to a voltase across the first coil. This mutual , - . ; ; . . ;'i 
Steraction between^two coils is described by the t^ ^ secondary cod . pompn^^^^ 

mutual inductance. In a transformer with twtf coils, one ^ ^"^^ Srooy^of *e^b^ A second secondary 

is known as the primary winding and the other as the P^^^' ?^ «^<^ fengthlthan the first secondary 

secondary winding. ^ porUon, is wound m an opposite direction m the 

Signal transformers are used in various applications, ' first groove, 
mcludmg as component parts in televisions, radios, and number of turns in the first coil portions deter- 
other communication devices; For example, such trans- mine the inductance (and other related parameters) of 
formers are useful in circuits which drive the audio-out- primary and se(a>ndary_coils.The number of tumsin . 
put (e.g., loud-speaker) in television sets and radios. ^1*® second coil portions is chosen to provide a desired 
Other signal transformers/ known as Intermediate Fre- 30 amount of decoupling between the primary and second- 
quency ("IF*) transformers, are used in the signal pro- ary coils (first coil portions). This decoupling compen- 
cesdng circuitry of radios and televisions. Radio Fre- sates for the maximum, normally excess coupling 
quency ("RF*) transformers are used in the tuning caused by the single bobbin on which the transformer is 
stages of radios and televisions. woimd. « ■ 

In designing signal transformers, various electrical 33 The transformer (^ be^ maide by simultaneously 

parameters must be considered, such as the inductance winding, in one direction,' the first primary coil portion 

of each coil, the mutual inductance between the coils, in the first gfoove-'ahd the first secondary coil portidnVin • 

the currents, voltages, and frequencies at which the the second groove. After the first coil portions -have 

transformer will be operating, and the efficiency of the been wound, the respective wires at thfeir terminal ends 
transformer. The present invention relates to the aspect 40* are moved, from the grooves they are in, to the opposite 

of transformer design dealing with the control of the grooves. The winding direction is then reversed arid, 

"coupling factor", or mutual inductance between multi- simultaneously, a second primary Coil portion is wound 

pie wmdmgs in a nmuature signal transformer .: ^^le second gi^boVe whUe a seioild secondary coil 

In past si^transfonner designs; conto^ portion is woiind in th^ first groov^ 

mductance has been achieved by varying the space 45 . : i^.^:-^-- .\::' 

between the windings on the transformer core. As a BRIEF DESGRIFTION OF THE DRAWINGS 

result the phyacal rize of a given transfiKmer designed p^^^^ objects and adva^gds Will b^if^ apijarent 

o have a small mutual inductance could end up quite f^^, the foUowing description and clai^^ 

arge, with respect to a smiilar transformer having a ^ Zwings, -wherein: 

larger mutual mductance. 50 ^^jZirT- r*u r r 

The practice of controlling the amount of coupling l is a schematic diagr^ of the transfon^^^^ 

by varying the space between transformer windings ^1?!?^'** mwntoon; .. . . , . 

necessitates the use of different size cores or bobbins, J^^ ^ is adiagi^ shpw^mg how a tr^nsfom^ 

for different transformers. A large inventory of such be wound in apcordanpe with the present invention; and 

bobbins must therefore be maintained by a transformer 55 ^ ^ ^ ^e>y of a transformer manufac- 

manufacturer. The use of different size bobbins also ^^^^ ^ accordance with the present mvention. 

requires adjustments to be made to the transformer DETAILED DESCRIPTION OF THE 

winding machinery, to accomodate the different bob- INVENTION 
bins. 

It would be advantageous to provide a signal trans- 60 Th® transformer of the. present invention is a rainia- 

former design wherein the inductive coupling between ture signal transformer having a pair of symmetrical 

transformer coils can be controlled by a method other primary and secpndary. windings and a pair,pf symmet- 

than variations in the spacing of the coils with respect to rical decoupling windings. The decoupling winding 

each other. Such a transformer should enable the size of associated with the primary coil is a continuation of the 
the transformer to be minimized while allowing elec- 65 secondary coil which is wound on the primary coil in a 

tronic factors such as Q (efficiency) and K (inductive direction opposite to that in which the secondary coil is 

coupling) to be optimized. Further, it would be advan- wound. Likewise, the decoupling winding for the sec- 

tageous to provide a method of winding such a trans- ondary coil is a reverse-wound portion of the primary 
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coil. This structure will be referred to hereinafter as Wire 27 then continues (through passageway 31 shown 
"transverse reverse, symmetry". , . . ^ FIG- to groove 32 where the winding direction is 

The general concept of trimsverse synMnetry has been reversed so that secondary primary coil portion 14 can 
discussed in the ti^sfonner.art be wound. 

entitled "Apparatus for Igniting and Operating Gaseous 3 FIG. 2c shows the winding of the secondary coil 
Discharge Devices" shows, in FIG. 2, a fluorescent portions. Wire 28 is first wound in groove 32 to form 
lamp ballast where part of the primary is closely cou- first secondary coil portion 16. Wire 28 is then trans- 
pled to the second secondary winding and part of the ferred to groove 34 (through passageway 31) so that it 
second secondary winding is closely coupled to the can be wound in the reverse direction to form second 
primary winding. The patent uses this structure in order 10 secondary coil portion 18. 

to, increase cpupUng for .the operation .of fluorescent After first primary coil portion 12 has been wound m 
lamps at a typical ; fireqiiency of 60. cycles AC. This groove 34. cement can be applied to wire 27 before it is 
patent Soles not disclbse the use' of transverse reverse transferred to groove 32 in order to secure the terminal 
symnietfy whmih decpupUng is' provided by the re- end of first primary coil portion 12 in groove 34. After 
verse woiiiid second coil portions. Further, the patent is IS second primary coil portion 14 is wound in groove 32, 
not concerned with sigiml transformers for use in the cement can be applied at the terminal end thereof to 
audio to RF frequency range (ag., 19 kilohertz to 108 secure the coil in groove 32. Cement can be applied in 
megahertz) at low voltages (e.g., below SO volts). Thus, a similar manner to the terminal ends of first secondary 
the biallast disclo^ iii the' pktent is quite different from coil portion 16 and second secondary coil portion 18. 
the fcransfoirmCT design of Ac preset invention. 20 A finished transformer manufactured in accordance 

Timiing how to FIG. 1 of die present drawings, a with the present invention is shown in FIG. 3. 
transfdinier 10, fabricated ifi accordance with the in- The number of turns of second primary coil portion 
voitibn is schematically shown: A primary coil, across 14 will typically be on the order of 10% of the number 
primary terminals 20 and 22, comprises a first primary of turns in first primary coil portion IZ Similarly, the 
coil portion 12 and a second primary coil portion 14. 25 number of turns in second secondary coil portion 18 
. Coil portions 12 and 14 are wound from a single, contin- will typically be on the order of 10% of the number of 
udus supply of wire 27. Second coil portion 14 is of turns in first secondary coil portion 16. The 10% ratio 
shorter length, i.e. has a fewer numbo' of turns, than will be varied depending on the amount of decoupling 
first coil portion 12; Further, second cdjX portion 14 is which is desired between the first primary and second- 
wound in a direction opposite to that: iii which first coil 30 ary portions. In practice, the length of each second coil 
portion 12 is wound; portion can be within the range of about 5% to 20% of 

Transformer 10 also has a secondary coil across sec- the length of its respective first coil portion. Further, in 
ondary terminals 24 and 26. The secondary comprises a order to provide equal parameters in both the primary 
first secondary coil portion 16 and a second secondary and secondary coils, the number of turns in each first 
coil portion 18, Second. secondary coil portion 18 is 35 coil portion may be equal and the number of turns in 
adjacent; first primary coil portion -12 and is shorter in each secondary coil portion may be equal. In this in- 
length than; , first secondary coil, portion 16. Second stance, a perfectly symmetrical transformer would re- 
sc^ndary coil portion 18 is also, wound in the opposite suit 

direction than that in;Which first secondary, coil portion The operation of the transformer of the present in- 
16 is. wound. Second primary coil portion 14 is wound 40= vention will now be described, 
adjacent to first secondary coil portion 16. First primary coil portion 12 has a self4nductance 

Transformer 10 is wound on a single bobbin having which can be referred to as La. Similarly, first second- 
two grooves... Such a. bobbin is shown in FIG. 2a ary coil portion 16 has -a self-inductance which can be 
wherdh bcibin 3d incdudes adjacra^^ referred to as Lb. When energized, first primary coil 

The bobbin is preferably constructed of a magnetic 45 portion 12 creates a magnetic field which mteracts with . 
material such as ferrite or powdered iron. In an alter- first secondary coil portion 16. Second primary, coil • 
nate . embodiment, bobbin 30 could be maiiufactured portion 14, however, being wound in a. reverse direc-/ 
from a nonmagnetic material siich as plastic, having a tion, cancels a portion of the effect which La has on Lb. 
holloiV core. A magnetic material could then be in- This results in a reduced mutual inductance between La 
serted into the hollow core' of bobbin 30, providing the 50 and Lb. 

necessary magnetic properties to the overall assembly. In the same manner, second secondary coil portion 18 
Bobbin 30 also has a passageway 31 cut therein. Pas- cancels a portion of the magnetic field imposed by Lb 
sageway 31 provides a crossover point for the wire on La. This results in a reduction of the mutual induc- 
frorri firat'primary coil portion 12 to second primary tance between Lb and La. 

coil portion 14. Passageway 31 also provides a cross- 55 Due to the symmetry of the present transformer, 
over point for the wire from first secondary coil portion external factors affecting the operation of the device 
16 to second secondary coil portion 18. will tend to be cancelled out. Thus, a stable product is 

The winding of transformer 10 can best be under- obtained which will have very predictable electrical 
stood by referring to FIG. 2. As shown in FIG. 2a, parameters. Tuning cups can be added to the present 
bobbin 30 is initially empty, FIG. lb shows how the 60 transformer in a conventional manner to provide for 
primary windings arc made in grooves 34 and 32. FIG. tuning changes. Again, due to the symmetry of the 
2c shows how the secondary windings are made in device, the mutual inductance between the primary and 
grooves 32 and 34. The winding of both the primary secondary windings will remain relatively constant 
and secondary coils can be done simultaneously. The throughout such tuning changes, 
steps have been separated in FIGS. 2b and 2c merely for 65 While only a single embodiment has been described 
convenience in describing the simultaneous operation. herein for purposes of illustration, it will be appreciated 

Referring to FIG. 2b, wire 27 is shown wrapped by those skilled in the art that other variations and mod- 
around groove 34 to form first primary coil portion 12. ifications could be made thereto. For example, the 
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transfonner can be wound on any type of coil form, not 
limitedHo a bobbin. It is intended to cover all of the 
variations and modifications which fall within the scope 
of the present invention, as recited in the following 
claims: 
I claim: 

1. A miniaturized signal transformer comprising: 
a coil form; 

a continuous primary winding having a first primary 
coil portion wound in one direction in a first area of 
said coil form and a second primary coil portion, of 
fewer turns than said first primary coil portion, 
wound in an opposite direction in a second area of 
said coil form adjacent said first area; and 

a continuous secondary winding having a first sec- 
ondary coil portion wound in one direction in said 
second area concentric with said second primary 
coil portion* and a second secondary coil portion, 
of fewer turns than said first secondary coil por- 
tion, wound in an opposite direction in said first 
area concentric with said first primary coil portion. 

2. The transformer of claim 1 further comprising a 
tuning element, fabricated from a magnetic material, 
operatively associated with said transformer. 

3. The transformer of claim 1 wherein said first pri- 
mary coil portion and said first secondary coil portion 
comprise Uie same number of turns. 

4. The transformer of claim 1 or 3 wherem said sec- 



area of said coil form comprises a second groove in said 
bobbin. 

8. The transformer of claim 7 wherein said bobbin 
comprises a magnetic material. 

5 9. The transformer of claim 7 further comprising 
means in said bobbin between said first and second 
grooves for providing a passage through which the 
transitions between said respective first and second coil 
portions can be made. 

10 10. A method of making a transfonner comprising the 
steps of: 

winding, in one direction, a first primary coil portion 

in a first area of a coil form; 
winding, in the opposite direction, a second primary 
IS coil portion of fewer turns than said first primary 
coil portion, continued from said first primary coil 
portion, in a second area of said coil form adjacent 
said first area; 
winding, simultaneously with and in the same direc- 
20 tion as the windmg of said first primary coil por- 
tion, a first secondary coil portion in said second 
area; and 

winding, simultaneously with and in the same direc- 
tion as the winding of said second primary coil 
25 portion, a second secondary coil portion of fewer 
turns than said first secondary coil portion, contin- 
ued from said first secondary coil portion, in said 
first area. 

11. The method of claim 10 further compriang the 



ondprimar>'coUportionandsaidsecondsecondarycoa ^ steps of applytog a bonding cement to th^ 



portion comprise the same number of turns. 

5. The transformer of claim 1 wherein said first pri- 
mary coil portion and said first secondary coil portion 
are wound in the same direction on said coil form. 

6. The transformer of claim 1 wherein the length of 
each second coil portion is within the range of fi'om 
about S% to 20% of the length of its respective first coil 
portion. 



ends of said first coil portions prior to beginning the 
winding of said second coil portions. 

12. The method of claim 10 wherein said second coil 
portions are wound such that each has a length within 

35 the range of about 5% to 20% of the length of its re- 
spective first coil portion. 

13. The method of claim 10 wherein said coil form 
comprises a bobbin, said first area of said coil form 
comprises a first groove in said bobbin, and said second 



7. The transformer of claim 1 wherein said coil form 40 area of said coil form comprises a second groove in said 



comprises a'bobbm, said first area of said coil form 
comprises a first groove in said bobbin, and said second 



bobbin. 
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